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.clamping along the edges parallel to the load, Deflectionms, =~ -

.percent at an edge strain equal to eight times the bucklfhg
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LARGE~-DEFLECTION THEORY FOR END COMPRESSION OF LONWNG
RECTANGULAR PLATES RIGIDLY GLAMPED ALONG TWO EDGES

By Samuel Levy and Philip XKrupen.
SUMMARY

The von Ké4rmdn equations for. flat plates are solvsd
beyond the buckling load up to edge strains equal to ' eight
times the buckling strain, for the extreme case of rigid

bending stresses, and membrane stresseé§ ars Ziven as a fune-
tion of end compressive load., The theoretical values of
effective width are compared with the values derived for
simple support along the edges parallel to the load. The
increase: in effective width dué to rigid tlamping drops

from about 20 percsnt near the dbuckling strain to about 8

strain, Experimental values of effective width iIA The’
elastic range reported in NACA Technical Wote No., 684 aré’ T

between the theoretlical curves for the extremes’ 0f simple _ i
support and rigid clamping. ' : . S

v

INTRODUCTION

The stress distribution in rectangular plates which
have buckled under compressive loads applied to the ends is
important for estimating the load carried by the sheet in -~
sheet~stringer construction., The compresszon flange . of a
monocogue box beam is an excellent’ example of such ‘constric-
tion, After the sheet buckles, its effectiveness in support~
ing the load is reduced so that the "effective width' of B
sheet between stringers will be less than the stringer spac-
ing by an amount which will depend on the dimensions of the
sheet, the amount by which the buckling load has been ex~'
ceeded, and the restraint provided by the stringers. B

For convenlence, the analysis of a rectangular plate _ Coo

under end compressive loads with elastic restraint against
rotation along the two unloaded edges may be separated into
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two problems: the determinsdtion.of the buckling load of
the plate; and the determination of the effective width, )
deflections, and sitress distridbution for loads greater 1

than the buckling load. : . A : -

Solutions for the buckling load have already been
derived by Lundquist and Stowell (reference 1) and by Duaa
(reference 2), Lundquist and Stowell obtained a solution
by an ensrgy method using a small correction term based on
an exact golution. Dunn solved the second of von Kdrmdn'ls
equations for plates with large deflection on the assumption
that the deflection along the direction of loading can be
expressed as a single sine function., Dunnts assumption is
valid for small deflections and the results reprasent exact —
solutions of the equations. - r ;

In order.to detsrmine exactly the load after buckling,

the large deflection theory of plates must be applied. Such

>

a solution is known only for a.sguare plate having simply’ .
supported edges on all four sides. -{See refarcnce 3.)

Cox obtained an approximate solution for plates having
the unloaded edges clamped (reference 4). In this derivation,
Cox approximated the ftransverse section of the buckled sur- ¥
face of the plate by a combination of a squared sine-func-
tion end a straight line and he assumed that the strain i1s
uniform along the whole length of a narrow element of the
panel. In view of the questions -that may be raised concern-~
ing Cox's assumptions it was decided to derive an exact solu- s
tion of the problem for plates having the unloaded edges
clamped and to compare the Zesults with Cox!s approximate
solution and with the cvxperimentsl data that are available,

SYMBOLS

For an initially flat rectangular plate of unlform . .

%hickness (fig. l) the followina symbols may be applied:

A . * . . e L

LA plate len’th 'h@_:'l_ e '_ s ; o uER

Dowlass ware T Lo L L. o
h plate thlckness A - - ' F -
R Youhgls mpdulus e

b Poissonts ratio
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3
"Eh
12 (1-p®)
coordinate axes lying along the.eﬁges of the
plate, X axis in dircction of load

flexural rigldity

edge bending moment per unit length aﬁput the
x axis '

average compressive stress in x-direction

average compressive strain in x~direction

extreme fiber stresses In directions of axes

median fiber stresses 1In directions of axes

extreme fiber bending stresses in directions
of axes

shearing stress

normal displacement of points at the midthilck-

ness
deflection coefficients
stress function
stress coefficlients
pressure replacing edge moments, m,
coefficlent in Fourler series for p(x;y)
moment coefficient
moment arm of substitute pressure, p(x,y)
subscripts

strains

“eritical value of p.



4 NAGCA Technical Note No. 884

L
ANALYSIS
Expressions for Stresses and Strains -
The median stresses at the midthickness of the plate
are related to the stress function F by -
22F )
ox! = z
oy
! 3°r
Oy T 3B >'(Reference 5) (1)
3%r
S _
Xy 9xdy
the extreme-fiber bending stresses in the plate are related
_to the deflections by t
2 2 ’
| Eh <B w 3 w') \
Ox" == + B 2
2( 1-p”) dx”® dy
e Rw .. 3% :
. _§h : / (Reference &) (2)

‘- + —7z
Y ST 2(1u?) \ oy P 3x

. Eh 3w
S TxY';32(1+p) ; Bxby> ' ;)

and the extreme fiber bending stresses at the rigildly
clamped edges of the plate (y=0, y=b) are related to the o
edge bending moment per unit length dy

&m
ox" = u hax
& (,v=0, y':b)
oyt = mx (See reference 5) (3)
h3
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The strains at the midthickness of fthe plate are, from
equation (1),

\
! = 1 ( t :) = i azF — EEE'>
€ = -:-E- Ox' — I O'y =3 “'_'zay o Sx2
1 1 [/33F a%)
1 = = 1 - H - = —
T T G "S- I ¢
' ’ 2
w1 o= 2lte) o, 2(1+p)' 3 F
xy - B xy E dxdy J

Relation between Edge Moment and Equivalent

Normal Pressure

The edge moments at the rigidly clamped edges (y=0
y=b) " (fig. 2 (a)) can bs exprossed in terms of a substltute

*pressure distribution near the edges of the plate as shown

in figure 2(b). When this pressure distribubtien is expressed
by a Fourier series (see roference 6) and the value of the
moment arii ¢ approaches zero, the substitute pressure
becomes : : -

- sxy) = ) om Sz, 21 (5

T=1,3,580 0«

The bonding moment per unit longth, mg, at the re—
strained edges (y=0, y=b), is as yet unknown, It may be
respresented as 2 sine serles with fundamental wave length
2a because the plate in figure 2 may be regarded as a portion
of an infinitely long plate with alternating 1nward and out—
ward buckles of length a. Let T

2 )
b : . mmx )
mx = ZT_T' Z ) :km Sln.'“‘a— - (6)
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. . »
Combining equation (6) and equation (5} gives >
h 4
. BYX _, nmy
p(x7y) = Ej _ 2; . Pp,n gin —= sin —3= (7)Y
m=1,28,3,""° n=1,3,5, )
where . . . ) =
Pm,n."—' nkm RO (8)
Relgtion between Stresg Punction, Lateral
Deflection, and Pressure Coefficients
Because the edge moments my- have been replaced by
an auxiliary pressure function p(x,y), equation (7), the .
general solutiton Tor the simply—supported rectangular plate
(reference 3) mav be applied. This solution was derived in
terms of Fourier's series, from von Karmén's egquations given _
on page 323 of reference 5,
.4 4 4 8 .
O F o o F 3 F _ E[<52w> 3w azw]
3 = - T
ox dx 23y " ay4 dxdy. dx® 3y
: Lo 2 2 -]
B4w2 3*w  3¥*w p hr Fawapawaar Bw]()
— + = 4+ = -
0x® dx=dy* . oyt ° 1 D L dy® d¥x*® dxdy O0xdy
In order to medt the conditions of symmetry, Fourier's . -
geries for the deflection must kave the form )
W = S: N C o gin-olX gy, 20Y (10) ]
)2 2; ¥n',n nT— n == _

M=1,2 ;3,000 D=L ,3,6,04.
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The normal pressurse is described by Fourier's series),
equation (7). The stress funttion is, according to
reference 3, - o ' ' )

F=_'M.‘; S_‘ | | Z b ZTX cos EIY (11)
2 . - : m,n 08T C i3
n=90,2,4,,,, n=0,8,4%,,,, ’

and the displéceﬁént~of the edges x=0, x=a toward esach
other is}’ - "

EI
[
3
H
o
+
|q
>~
~1
B
[ V]
oS
=]
- n
(=4

(12)

where ?x is the average compressive strain in the x~
direction and Dy is the average compressive stress in
the x+direction. ’

The solution for large deflections has been carried
out (reference 3) for the extreme case of a square plate
(or an infinitely long plate) with simply supported edges,
using pu = 0.31l6. In the present paper, the solution for
large deflections 1s carried out for the other extreme
case of the unloaded edges rigidly clamped, using a ratio
of buckle width to buckle length of 1.5 and p = 0.316.
Figures 3 and 6 of reference 1 show that a ratio of buckle
width to buckle length of 1.5 approachses the buckle spacing
for an infinitely long plate having rigidly clamped edges.

Phe general solution of reference 3 gives equations
for calculating the coefficients by pn in the siress func-
tion F (equation (1l1)), in terms of the deflection coeffi=

cients w, . in equation (10), For the special case
]

(b = 1,5a), these equations reduce to the form given in
table 1, Equations for the first 26 stress coefficients
bn,n are given in tadle 1. ..

The general solution of roafersnce 3 also gives the
family of equations relating the pressure coefficients

Pm,n (equation (8)), the deflection coefficlents Whnono
]

and the average compressive stress in the x-direction Pxe
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Tor the. special case (b=l,5a and p = 0,316), these equations
can, with the aid of table 1, be reduced to the form glven

in table 2. For these equations, only the first 59 terms
have been retained. The error introduced by limiting the
solution in this way will be considered subsequently.

As an example of the use of table 2 the first five
torms of the first squabion are

4 e
0 P XL L o.eme P2 4.208 Eﬁj; Tis2
HEE ¢ Eh h

+ 0.3791 (wl'i\s 0.950 <W1’1>f (wl’“>
P h / . h h e as)

The values of the bending moment coefficients ky.
are given by the condition that the slope is zero at the
edges of the plate (y=0, y=b)

o (2w
()yo a;) =0

¥=b

Substituting equation (10) into these equations gives

co =3
N N : ni max
0 = 2_' : 2.4 5 ¥m,n gin e : (14)

This equation is equivalent to the family of equations

A
0 = Wl,1+3W1’3+5W1,5+7W1’7+- « °*

0

W3,1+3W3’3+5W3,5+7W3,7+. .

Y (15)

0 = W5’1+3W5f5+5W5,5+7W5,7+T'- .
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The equations in table 2 were solved for the linear—
deflection—coefficient term in terms of the remaining terms
and these values were substituted in equatlons(lE) The
resulting equations, after terms are combined, are given
in table 3. :

As ah example of the use of table 3, the first few
terms of the first equation are

b7ky 0.233 PxP_ Wa,a )
0 = = 5.010 =g —0.233 —— —
be Wy 3 1,1 3
— 2088 o~ = ... +o.3o_‘7< >

4 2 oo
— ‘453< 1,1\ (wl TN (16)

The equations given in tables 2 and 3 involve the
known average compressive stress in the x-direction va
the unknown deflection coefficilents wp p, and the unknown

moment coefficients kp. For any value of Px' there are

a sufficient number of equations in tables 2 and 3 to deter-
mine each of the unknown deflection coefficients and unknown
moment coefficients,.

It will be noted that the equations in tables 2 and 3
are cublcs and their solution therefore gives three values
for each of the deflection coefficients W one Some of these’
values correspond to stable equilibrium, whéreas the remain-
ing values are either imaginary or correspond to unstable
equilibrium, Fortunately, if the equations in tables 2 and
3 are solved by a method of successive approximation, the
successive approximations approach values corresponding to
stable equilibrium, .

In the solutlon of the equations in tadbles 2 and 3,
values of the principal -deflection coefficient wq 1/h

. were first chosen. Successive approximations were' ‘thed

used to determine the values of TPgb?/Eh?, the first 21 de-
flection coefficients wm’n/h, and the first 3 moment coeffi-

clents k;; corresponding to the chosen values of W1,1/h-
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The work of computation .was reduced by starting with a

good approximation -to the unknown coefficients, which was
obtaindd by extrapolatlon from the known coefficients for
smaller values of w, /h. The results for 14 valuas of

wl’l/h, increasing by small increments from O to 3,00, are
given in tables 4 and 5 and figure 3. '

The membrane stress coefficients were computed from
tpble 1 and table 4 and are given in table 6. The membrane
gstresses for the corner of the plate, the midpointes of the
gedges, and the center of the plate were then computed from
equations (1) and (11) and table 6 with the results given
in tables 7 to 10 and figure 4. At the maxlmum compuicd
load, the membrane stresses at the corner (Og! at x=0, y=0)
and at the midpoint of the restrained edge (fo at x=af2,

y=0) are more than twice the average compressive sfress Px'

while the membrane stress at the center of the loaded edge
(Gy' at x=0, y=b/2) is less than half of TP,.

The bending stresses were computed for the centser, the
corners of the plate, and the midpoint of the loaded edge
from equations (2) and (10) and from table 4 with the results
given in tables 7, 8, 10 and figure 5., The bendlng stresscs
were computed for the midpoint of the restrained edge from
equations (3) and (6) and table 5 with the results given in
table 9 and figure 5, Equations (3) were used in this in~
stance instead of eguations (2) since equations (3) represent
the limit value of equations (2) as the edze is approached.
At the maximum computed load, the transverse extreme-fiber
bending stress at the midpoint of the restrained edze (O "
at x = af/2, y=0) is more than 4 times the averege compres-
sive stress 7Py, while the axial extreme fiber bending stress
at the center of the plate (Ox" at x = a/2, y = b/2) is about
13 times the avarage compressive stress TPx. .

Inasmuch as the shearing stresses at the points con-
sidered are zero, the principal stregses in the extreme fibers
are equal to the sums of the moembrane stresses and the extreme-
fiber bending stresses. The values ar: given in tables 7 to
10 and in figurec 6. At the maximum computed load, the largest
gxtreme~fiber stress (O, on thé inside of the buckle at  x =
af2, y=0) becomes about 5 tlﬂes as’ gr¥ecat as the avorago ‘com~—
pressive stress Pye b

The deflection of the ‘centwr of the plate waé.ﬁpmputod
from:equation (10) and ths results are given in table 10 and
figure 3.

=
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The ratio of effective width to initial width (defined
as the ratio of the actual load carried by the plate to the
load the plate would have carried if the stress had been
uniform and: equal to ‘the Young's modulus times the'hverage

‘edge strain) was computed from equation (12) and table 4

with the results given 'in table 11 énd figure 7. At tthe
maximum- computed load the average edge strain ratio is

48,66- while the ratio of effective width to initial ‘width =
is 0.478, - In figure 7 is also plotted the effective-width
curve for the simply supported plate (reference 3). It -
can be seen that the difference in effective widths between
the extreme casss of simply supported and rigidly .clamped.
plates is about 20 percent near the. buckling loads and

Gonveraence of Solution

The exactness of the solution increases with the number -
of terms in the equatlons in" tables 2 and 3. In the present
solution, the first 56 cubic terms’ were retained in tables
2 and %, The éffect of limiting the numbe}r of terms is
brought out by the comparison in table 12 of solutions in
which 1, 10, and 56 cubic terms were retained. When only
one cubic term was kept it was the cube of w_ ,/h; when

10 were kept, they were cubic products of wl,l/h wl,s/h,

and ws’l/h;and when 56 were kept they were cubic products
of wl’l/h, W]_,s/h, Wl,s/h,' w,—_r,,l/h, -Ws’:s/h and 'Ws,i/h.

It is evideant from table 12 that the convergence 1s rapid for
effective width,

COMPARISON WITH RESULTS PREVIOUSLY OBTAINED BY H. L. COX

The effective wldth for rigid clamping is comparsed in
figure 8 with that obtained by Qox (reference 4) on the
assumnptlion that the strain is uniform along the whole length
0f a narrow element of the plate., It is evident that, oven
though Cox has only roughly approximated the actual deflec=
tions and strains 1In the plate, his results are in excellent
agreement with the "exact!" results obtained in the present
paper for edge strains less than 3 times the critical edge
strain. ©For larger edge strains, his rocsults are low by as
much as 6 percent,
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COMPARISON WITH- EXPERIMENTAL RESULTS

The relations between edge-strain ratios and experi-
mental values of effective wildth for & shest-stringer pansel
of- 0,070 ineh 248-T alclad aluminum alloy and & panel of
0.0286 inch 24S-T. aluminum alloy {(reference 8) are shown in
figure 9., It is evident that in the case of the alclad
specimen, in which the stringers approximated simple- support,

the agreement is excellent up to Ty %; = 8,2, corresponding

to a strain at the edge of 0.0025, for which yilelding due to

the combined bending and membrane stresses was prodbadbly btak-

ing place in the aluminum cosgting. In the case of the alumi-
num alloy specimen the observed effective width fell midway

between that calculated for the extreme cases og simply -

supported and rigidly clamped edges up to €4 %3 = 26, corre-—

sponding (gee tables 10 and 11 and figz. 6) to stresses at
the midpoint of the restrained edge of about 27,000 pounds
per squarce inch. Beyond this point the observed values
closely approach the curve for gimply supported edges;
this result may be explained by a relsase of the bending
stresses at the rostrained edgo duc to yielding of the
material, '

National Buresauwn of Standards
Washington, D. C., May 20, 1942
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[-; = 1.5; p = 0.31
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TADLE 2\ (BOTTON).~ BELATION EETWEEN THE WOMENT COEFFICTENTS, TEE DRFLRCTION COEFFICIERYS,
AFD TEE AVERAGE COMPRESSIVE STRESS TR THE x-DTRECTION
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TAELE 2B .= EXUATION EXTWEEN THE MOMENT CORFFICIENPS, THE DEPLECTION CORFFICIRNTS,
AND THE AVERAGE COMPRESSIVE STRESS IN THE x-DIRECTION
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TABLE 2C .~ RELATION BETWEEN THE MOMENT COEPPICIENTS, TRE DEFLECTIOR CORFFICIENTS,
ARD THE AVERAGE COMPRESSIVE STRESS IN THE x-DIRECTION
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, E: 1.55 o= 6.51%} )
0= Q0= 0= a= Q= o= 'On o= Ox|Dwu|0A 0= 0= [\ 0s 0 0= 0= 0= Om 0= | og=xl0ow
Wz q W ww% 4 "
2k 22 2l )p ol 36.72|  olsa.35]-177.3 of of of of o ol o of o ofzny fss6l of o o1 ofo
W 161 :\2 -. .
—ﬁ'—\—h'-"‘) 5784 | 39.76 0 0 o] -2¢.90 0]-19.44 | 10.28] of o ) ol 23.70}-12.58 0 0 0 of-1.67] 2.:5] ole
-
:%,_1,_.1,_;5 :.3& 0 0} 19.67 |-50.35 |-53.78 ol 51.10 o ol o] o | s1.9]-s6.35 a o 0 o o of o o] oloy
51
2
:‘Elic-i-l-l) o | 72.25 ol-88.6 a 8 a 0 of of o 0 0 o 0 0 0 0 o 0 o| olo B
> I~
3 Y
—3&2 o 0 o| 30.71. 0 ol - o 0 ol o] o 0 0 |-25.6 0 ° ) o ol o o] ofo E
2 2 L J°
\—g--i -h‘-i 5.2 o 0 ol 66.6 1 38.9 a ol26.07! of o 0 0 0 0 ) ofl 323t o] of-6251 alo |F
2y L 3
%‘1) -:2:‘1 6.482 ] ol ot 30.9 | %0 }-55.2 ] of ol o o ] 0 0 0 o] 75.4F79.k 0 ol olo ;
= ¢
:%JC—F) 0 of-n.2] 6.59] o al-38.9 6| k2| o of 53207 o]  ol-6.50 | -48.70 oleo.80] o o |.6s6lo |B
w; w w,
-i‘i—;'-"’-—g-'-l- 8.2 }-50.36(-31.5,( T7.8 0 0|-83.6 | 78.10 Q 0 0 0| 65.52[-57.08 0 0 0 0 0 0 0 o lo
";.af‘a.-;\z R [ Y S - " - . _ _ _ . . _ " . _ _ ] ) ]
T / '} o2 U] 4.0 v} o 7] v} 0 0 0 [=122.2 *] g (] a 1] o Q [} [¢] ¢ [0
f—;ﬁ); 0 o o ol 39.L 0 0 0 o} ol.3:62] -39.1 0 0 0 o o 0 0 o ol olo
92,5)2 ™31
v T 0 |-25.B6 Q o o| B9.63 1] o 0 0 a 0 o -;.8.8 27.9 0 a 0 o [5%.h2 |-33.21 oo
%2&9 0 0 {29.6k 0| 8s.6 0|-72.8 0 of of o 0 0 0 ol o 0 0 ol o ol ofo
ﬁ‘i.ﬂa - - ~ - nl amn o ~ - a - n ~ P - "~ Al cnm o ~ " ~ _ I T
\T u v v LY V] Ak v U v u u v v v v U pelyf .0 v [V} (U} a Qv
- - < - w, T




Table 3 - Relations derived by substituting from Table 2
In equatione (15).
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. TABLE 3.~ continued. TABLE 3.- concluded.
0= 0= Q= 0= 0 = 0=
(hed) 225 0 - .2313 + 1082y Dl (Thady | - 3,96 0 +.152
(43 (Pady = - 2.13 0 +0277( Ty (B (Bpdy | 4 122 0 +.58
(S (=) | 8.1 0 +.159§|("—151)(!-‘-ﬁ=)= - 6.10 +1,108 -.1192
(B Py | - 26 + 984 -0975(Tady (FLaZy (Tady |« 2058 - 378 0
h h b . h h h . .
(11-&3)(:3;}}-)(55-&) + 1.03 + .272 0 (Eﬁl)(‘li}.ll)e 0 -1,459 0
(Rrady(Dady 2 + 6.51 0 +.1973(%23)3 0 + 922 0
Clady By (Thady | - 9,28 +3.126 ~ 4005 (33 23 + 9490 0 +.3618
w w W w w
LRy Sy | - 8.1 +1.161 o k25 + 7.92 0 +.386
('—1—1:3)('-'3'—1"5)2 + 6.43 ~1.314 0 Kﬂgﬂ)(ﬂﬁi)z - 9.14 +3.305 ~e511
w w w
(M) (Thady Ty 0 - 9% 4,420 220 (Td) | - 9o 12.234 0
w o WE 1. . PR N W o, Wy 1.2 . " e ~
(===~ - .63 0 0 (= (—=%=) 0 -2.570 0
{Dﬁlﬁ 0 - .356 0 (Eﬁiyi“ + 2,864 ~1.030 0
Flady 2T 0 + 073 0 [(ChaZ) (TZad) 0 - .8%6 +434
w v - w w 2 -
(Mipd) 3(T2ad) 1.59 0 +20070)Tha) (T 3.18 0 0
(!Jt"“l’) 2(!1‘-111) + 188 0 =295 (f.i;lﬁ 0 0 -.855
w3.1,,%
(S 0 +3.384 0
.‘ - < - o,

ve

7@ *Of ©30K TBOTUUCSl VOVKE




TABLE li.~ VALUES OF COEFFICIENTS IN DEFLECTION FUNCTION, EQUATION (10),
FOR PLATE UNDER EDGE COMPRESSION WITH UNLOADED EDGES RIGIDLY CLAMPED
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a
- .2 : ' w
Pl M,af M3 M5 ) Myt | My | Tl M3 M,050 P50 ) oT3,5 | D5
Bl | h h h h- h h h h h h h
T
6.;& 0.000]0.0000}0.0000| 0.0000 {0.0000}0.0000 |0.0000{0,0000 }0.0000|0,0000) 0.0000
6. .100]~.0138}-.00%5{ ~.001k |-.0007{ ~.000) |~ 0002 ]{-.000L| .0000| .0000| .0000
6.80| .1,00[~.053l|~.01L5[~.0056 j~.0027(~.0015]-.0009]-.0006| .000l|~.0001| .GOOO
3.53 .600 -.07Z -.02 g -.0088 |~.0042| -.0023 |-,001 |-.0009} .0011]~.0002| ~-.0001
.00| .800}-.0966|-.03%08]~.012] |~.0058]-.00%2|~.0020]-.0013] .0023}~.0003| -.0002
8.8% 1.000{~-.1130|~.0L01} - .0158 |- .0075|~.00[2 |~ .0026 |~ .0017 .Oggz ~.0003| ~.000L,
10,16/1.250(-.1251|~.0526]| -.0212 |~.0100| -.0056 |- 003} |-, 0022 | . ~.000%] -.0010
11.64{1.500]-,1308(~.0 gé{-.oz72 -,0127|-.0071 |- ﬁ -30028| ,0139} .0005;-.0018
13.21;1.750|~.1272|-,0788 -.oahl -,0158| -.0088 | ~. 005 1-.00%35 ] .0206] .0020)~-.0030
1/.02(2.000{-.1180|~.0925| ~.0418{~.0192| - .0106 }~.0065|-.00L13] .0308 .oogo -.0048
156.91{2.250~.1002 -.1032 -.0501 [~,0229} ~,0127 |~.0077 }-.0051 | .010] .0106}-.00 g
18.9312.500-.0794 |~.1181 -.ozgh -.0271| ~.0149{~.0091 |~ .0060} .0569| .0191]|~-.008
21.0512.750|-.0525|-.1295} -,0693 |~.0315{-,017 | -. 0106 |-.0070| .0766] .0327{-20104
2%.25]%,000}-,0211}~-,1400} -,0801 |~,0362} ~. 0200 | -.0123 |-,0080 | .1041| .0535|-.0110
5 Bl w w w . W, w w gl w w w w
B0 5,7 | U9 | Smai | 53 Tsa (25,30 Y85 | 157 [ 059 | Daana
En2 h h . h h | h h. h h | b | n
6.5E 0.0000 } 0,0000 | 0.0000 [0.0000|0.0000 |0.000010.0000 { 0.0000 [0.0000{0.0000
6.3 .0000| .0000{ .0000 ! .0000{,.Q000| .0000] .0000| .0VOQ .| .0000| .000O
6.80} .0000| .0000 | .0000 | .0OOO| .0000| .0000} .00OC | ,0000 { .0000| .0Q0O
5.55 .0000} .0000 |- ,0000 | .0000{ .0000| .0000| .0000| ".000Q | .0000| ,0000
.00] .0000] .0000 |...000p | .0000| .0000| .000O{ .0000 | :.0000 } ,D0OO| .000O
8.82 .0000| .0000 | .0000 | .0000| .0DOO| .0OCO| .0000| .0000 | .0000| .0000
10.1 .0000} 0000 | ".0000 | .0000| .00OO| .0000| .Q0QO | :.0000 | .0000| .0000
11.64| -.0001{ -.0001 { .0000 { .0000('.0Q01{ .0000| .000O | .0000 [ .0000| .0000
13.21| -.000%} -.0002 | ~.0001 |-.000L| .0001 ) .0000| .0000| :.0000 | .0000| .0000
15.02| -.0008} ~.000L | ~.0003 |~.0002{ .0002}| .0QOL|-.0001 | .0000 | .0000| .QOOO
156.91] -.0012 | -.0007 | =.000L |-.000%| .0002| .0002|-.0001 | .0000.| .0000| .0000
18.93} -.00221 ~.0012 | -.0007 |-.0005} .00OL | .0005|-.0002| .0000 | .0000| .0000
21.05| -.0036 1} -.0020 | -,0012 |~-.0008] .0006| .0009|~.000%} .0000,| .0000| .0000
23.25| ~.0059 | -.0033 | -.0019 |~-.0012} .0009 | .0016 {-.0005 | -,0001 | .0000| ,0000
A L. - —

“ON °310N T®BOTUROSL VOVE

88

g8’




26

TABLE 5.~ VALUES OF
MOMENT FUNCTION,

UNLOADED EDGES

NACA Technical Note KNo.

884

COEFFICIENTS IW
, EQUATION (6), FOR
FLATE UNDER EDGE COMPRESSION WITH
RIGIDLY CLAMPED

b
LE = 1,5 M= 0.316]
Py b3 b4k, bk, b*ks
Eh? ‘gn * n*En* n*En*
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23,25 -2.546 -.311 -, 0056
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TABLE 6.~ VALUES OF COEFFICTENTS IN STRES3 FUNCTION, EQUATION (11), FOR PLATZ
UNDER EDGE COMPRESSION WITH UNLOADED EDGES RIGIDLY CLAMPED
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23,251 25.26 2 29 -.9 -.70 -.25 -.08 5!07 1.03 =.Lh -.87 -.3
- . 2 2 2 2 b4
pzba 1001\21)2 10 11|l|,112'b2‘12 16rr2b1+-0 161r2bh > 1611ab,.h1l 360 by, ¢ |64n by, gl36m bg o 361 bg o 56"2b6,l;, 361 ‘2’6,6
el e T S = S R R
é-i’g 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
o-go -AUG .GG ooﬁ 000 000 «00 00 .f)f.l .00 -00 .00
6.80 .00 .00 00 +00 .00 +00 .00 .00 .00 «00 .00
g.}} 00 .00 .00 00 .00 .00 .00 .00 «00 .00 .00
000 .00 'DO .00 100 .00 -00 100 .00 100 . .00 - .00
ala% -0‘0 .00 .Dl lOO 000 IOO 000 .00 IOO 100 -00
10.1 -00 .Do 401 - --01 .00 -00 .00 .OO .00 .00 3 .00
11-61]. 000 100 .02 "-01 -.01 .00 .00 000 .00 000 -w
15.21 .ﬁo "oﬁi !65 "lOl "001 '00 000 .(_JG -00 .00 100
1 aoz ".02 "001 007 100 -.05 -001 -00 .00 -00 -OD -00
1 '91 ".% ".02 p11 501 --07 -.0 --01 .00 .00 -00 IOO
18.93% -.0 -.02 .1 0L -.11 -0 ~a01 .00 .00 . .00 .00
21105 -.12 --05 |2 -09 -.az -.09 --02 .01 IOO --01 -00
25025 --21 "-10 .].1.0 . -19 - ,--17 --O_h. ) . »02 . 002 ) "col ‘001
o, N - [ S _—

$88 *ON 930K TTOTUNONI VOVE

L2
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TABLE 7.- STRESSES AT A CORNER OF PLATE (x = 0, y = 0)

-
'EShear stress 'Z"x&'is 0 because of symmetry and shear stress ?.xy‘ is ©
] ~because of clamping at edge] 'y
Membrane Extreme fiber Extreme fiber stresses ‘
- stresses bending stresses‘ﬁoutside of buckle | inside qr_bjg.gjglg_‘
b2 | ox'b® oz b? o 'p 2 { 03 b2 1_ oz b2 o5 b? ! oz b2 oz b2 !
En? | Eh® Eh? - Eh® | Eh? ;-Eh? | Eh? . Eh? Eh? .
: : L 3 a4 - i - -
“ . B 1. o7 . ¥ S - [ =
6.37 £E- 6,37 0.00%-0.00 |0.00 . 1= 5437 0.00 -"6.37 1 0007 =
6. 8 ['- 6. : .OO . .OO B - 6.4‘1 - |02 bl 6.41 P 002 :
6.80 ;- 7. +00 00 = 7.23 - 16 - 721 - L1l6
7¢33 -~ 8. <00 L0077 - 8,240 - .22 - 8.24 - .32
8.00 -9 .00 .00 i = 9,63 = L6l 92.63 - .61 .
=11 .00 . .00 ’ ‘ "1]_..37 .- o7/ -Ila37 - .97
00 .00 -14,30 - 1.60 ' -14,10 - 1l.60
00 = .00 o=17.31 0 - 2.26 -17.31 - 2.26
.00 | .00 T =20.59 - 3.46 | -20.99 | - 3.46 |
«00 00 . -25,17 . - 4,79 " -25.17 ' = 4.79
s I ! Y ooo 'OO -29-84-—- - 6-32 i "29084 T 6- 2
18093 : -35.11 : - 8.26 !_ sOO .00 "35.11 - 8.26 . -35.11 i - 8. 6
21.05 ; -40,94- -10.76 00 ! .00 , =-40.94  ~10.76 | ~40.94 ~10.76
23.25 l -4:7-44 "13082 100 [ -00 -4?¢4'4 l "13.82 = : -47.4'4 l -13082 I
TABLE 8.~ STRE35ES AT MIDPOINT OF LOADED EDGE (x=0, ¥ ::; ) {
.[Shear stresses Ty.'and .T;cy“ are O because of symmetry] i
f Membrane I Extreme fiber i Extrerie fiber strasses ! -
stresses ; bending stresses; outside of buckle | inside of buckle
T%;T""éfigé"'f 3;"’ be "'"";_;"N-Bz' 5 o;,”b_é T "',"_‘"b'é'_r‘"“af}"é" o ";".('bz : o g'z'_}
En® Eh? En® Eh? - Eh? Ens  En -Eh? EhZ®
6.3 -6.37 ' .0.00 0.00  0.00 =637 0.00 -6.37 0.00 ”
6.g -6.33 - .02 .00 .00 5,33 = W02 -6.32 - .02
6.30 -6.17 - .29 , .00 .00 T -6.17 0 - .29 -6.17 - - .29
7.33 -5-98 ’ - o72 .: .OO QOO . "5.98 i - 072 . "5‘.98 - .72
8,00 - -5,63 . =1,15 : .00 L «00  =5.63 _ -1,15 -__g.éi_,___ ~}r.15
doB4 -5:21 ' -1.78_ 5 .66 T-OO - '-1 “le _._ - el ) "l. A .
10.16 . -4168 : -20_63 '.: IOO I .OO ) . —4.68 . -2-63 l_ -4'06'3 R -2-6
11164‘ "4‘105 l "3-53 :.00 . .00 ) "4'.05 ' -£c53 i' "4'05 -.‘c "‘
o l3.21 -%.?l : -5.22 : .gg ! .gg ) fg.el -5.§§ ﬁ_-g.gl . —;.gﬁ ,
. 15.02 3 =2, e w=hy, - e . LV LT -1 Y D X N {
-IG ;‘91‘ ' "I . ;g-.-‘__—-s n41 :[ .00 .00 . :j.ng . -6 141 l- "1 073 "‘6 -4_:1’-—_‘
18.93 i- .99 —g.40 g +R0 .00 - .99 | =7.40 ro= 099 ~7.40
] 21.05 '- .31 | -8.35 | .00 .00 - .31 | -8.3% - .31 -8.35
23,25 { .28 | -9.12 4..00 .00 28 { -9.34 | .38 -9.7a
e ORI S ) BT B 4 S
4
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TABLE 9.~ STRESSES AT NIDPOINT OF RIGIDLY CLAMPED EDGES (x = %, y = 0)
b [Shea.r stresses. Txy' and Tiy® are 0 becauss or symmetrszl
by MHembrane Extreme fiber Extreme fiber gtressas
stresses 'bend:l__n§ _s_t_resses 1 outside of buckle ” inside of buckle
P,b2 ¥ opp2” ‘b2 R Tab2 ' o b2 ! b2 1 oz D2 b2
BhT . EnZ Eiz—h T OEh? ?gzzn — "Em? ﬁ%‘ . ERT— %‘ :
. H - . . :
| 6.377 = 6.37 0,00 E 0.00 - 0.00 - - 6.37 0.00 - 6.37 I 0.00 ° -
; 6.38- - 6.41 D2 7 - 0 < 2,20 -7.JJ1 -2.18 - 5.71 2,22
. 8Bo 731 116 ; - 285 - 9.01-.-10,16 - 8.85 - T4.46  9.17 |
- 723 = 8,50 «32 , - 4.41 - 13,95 . -12.91 -13. 2 - 4,09 ' 14,27 °
8.00 : I - - o) . 4 - 4,00 -
i . ! 092 . - - - - . :
i 10.16 " -15.04 ' 1.60 | =10.35 - 32.74 -25.39° -31.14 = - 4,69 ' 34,34 :
11.645 -18.62 2.36 . -13.16 - 41.6 -31.78 =39.27 - - 5.46 ' 43,99 '
13.211 -22.53 3.23 t -15.14 ' = 51.0 38.97 -47.74 1 - 6,49 | 54,40 ¢
18,028 -27.25 § 3.67 b -19.31 ‘- 61.11 " -46.56 : —26.50 1 - 5.94 ; sg.zz
1691 —32.20 | 6.14 | =22.B4 = 2.57  -95.04 . -66.1 = 9436, 41
18.93] -37.70 | 7.81 | -26.32 - 83.30 | -64.02 | -75.43 " ° -1i.38 | oLl
21.05 -43.41 ;, 10.05 t .29.B1 ., - 94.32 | -73.22 -84.27 =13, 104,37
23.25] -49.34 | 12.64 ﬁ -32.92 ; -104.18 | -82.26 | -91.54 E -15.42 | 116.82 )
TABLE 10.- STRESSES AND DEFLECTION AT CENTER OF PLATE ( x = 2, y=2 )"
) [Shear stresses Txy' ana Txy"® = O from symmetry]
: 5 Membrane ’ Extreme flber H Extreme filber stresses )
stresses ! bending stresses ® outside of buckle % inside of buckle
- . s I o 7wy sz B P - 2 2 2 .
. Pgb® § x'b2 | ozp? U oz'* | g"b® oz bE I o b &b az.b ¥ cente
|ge! @ BT T BT T Ehf_ [ W B b
. 6.37) -6.37  0.00 0.00° 0.00 © "= 6.37 | 0.00 [ < 86.37  0.00 ‘ 0.0000
6.3(8) -6.33 02 . 1.66 1.36 - 4,57 1.28 - 7.99 - 1l.34 .111; 1
6. -6.15 29 7 6.58 5440 '.gg © 5,59 -12.73 - 5.11 © .4425
7.331 -5.84 72 . 9.70 - 7.86 3. 8.58 -15.54 * - 7.14 + 5601
8.00]1 -5.52 1.15 12.64  10.96 7,13 ~11.21 -18. L_-fg_.s_n_;_.&g%_z__,
8.54 =500 I.73 + 15.38 . 12.04 10.37 13.77 1 =20,39 ° =10.31 * 1.0
10.16 } -4,58 2.54 18.51 14.06 13.9 18.60 ~ =23.09 =11.52 1.320
11.64 | -4.01 2.44 21.47 15.88 ; 17. 19.32 [ -25.48 -12.44 {1.574
13.21{ ~3.45 .32... . 24.16 17.31 B 20,71 , 21, % -27.61 | -12.99 3 1. 03
15.02 | -2,97 5,33 ¢ 26,51 18.52 . 23.94 1 .23.85 . -29.43-1 <13.19 2%3__,
16.91 § -2.50 6.2 39,11, 19. " 2B.61 | 26.08 <3161 | -13.62" { 2.2
18.9 ‘=2,07 ; 7.13 31.29 20.94 29.22 2-3-07. -33.36 -13.81 2.455
21.05 }.Z1.79 | 8.10 33.51 | 22,25 31.72 | 30.35 -35.30 | ~14.15 | 2.688
23,25 | -1l.42 | 8.92 35.35 ' 23.24 33.'_93_ l 32f27 ; -36.77 ] -14.41 2.897‘
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TABLE 1l.- AVERAGE COMPRESSIVE DISPLACEMEKT PER
UNIT LENGTH I¥ THE x-~-DIRECTION AND CORRESPOWD-
ING EFFECTIVE WIDTH FOR PLATE UNDER ZDGE COM-
PEESSION WITH UNLOADED =ZDGES RIGIDLY CLAMPED

[b/a = 1.5; p = 0.3186]

el 2
Px® - »° Effective width
Th3 e Initiel width
6,37 6,37 1,000
6.38 6,41 .996
6.80 7.25 .938
7.33 8.35 .878
8.00 9.81 . 816
8.84 11.66 .758
10,16 14,55 : . E98
11.64 17.95 . 648
13,21 21,79 . 606
15,02 26,22 573
16.91 31.08 - .544
18.93 36,44 520
21.05 42+29 .498
23,25 48,66 478

TABLE 12.~ CONVERGENCE OF SOLUTION FOR EFFECTIVE WIDTH
OF PLATE UNDEZR EDGE COMPRESSION WITH UNLOADED EDGES
RIGIDLY CLAMPED (b/a = 1.5; u = 0.316) AS THE NUM-
BER OF CUBIC TERMS USED IN THE EQUATIOJS OF TABLES
2 AND 3 ARE INCREASED FROM 1 TO 56

s?isin Effective width | Bffective width | Effective width
ratio Initisgl width Initial width Initial width
exb2

=5 (T cu term) - (10 cu terms) (56 cu terms)
6,37 1,000 1,000 1,000
11.66 « 730 761 .758
26.22 « 044 .5@8 s 573
48,66 477 <470 +478
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